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A series of N-substituted-3- and -4-benzenedisulfonamides (Tables I and II) have been prepared by the reac-
tion between 3- and 4-sulfamylbenzenesulfonyl chloride and amines, respectively. A number of other synthetic

methods were nol successful.
pounds are listed in Tables ITI-VII.
ethoxzolamide.
N-substituted-3-benzenedisulfonamides.

The anticonvulsant and carbonic anhydrase inhibitory properties of these com-
Some show greater anticonvulsant activity than either acetazolamide or
The N-substituted-4-benzenedisulfonamides are more potent anticonvulsant agents than the
Within the N-substituted-4-benzenedisulfonamide series, bulky or
polar substituents (R, Rs) decrease anticonvulsant activity.

A correlation between tn tivo inhibition of brain

carbonic anhydrase and anticonvulsant activity is suggested.

Within the past few years a considerable body of
literature has appeared relating to the clinical useful-
ness of a wide variety of benzene and heterocyclic
sulfonamides. Some of these, such as the 1,2 4-benzo-
thiadiazine-1,1-dioxides and 1,3-benzenedisulfonamides,
are potent diuretic agents.?~® Other sulfonamides,
such as acetazolamide,? ethoxzolamide,® dichlorphen-
amide,!! and methazolamide,’* which were originally
developed as diuretic agents, are used now either in the
treatment of glaucoma or epilepsy. The diuretic, anti-
glaucoma and anticonvulsant activities of these latter
drugs result from their inhibiting the enzyme carbonic
anhydrase¢~%13=1 in the renat tubules, ciliary body of
the eye!®1® and brain,®?! respectively. The more
effective  1,2,4-benzothiadiazine-1.1-dioxides  have
largely replaced the carbonic anhydrase inhibitors as
diuretic agents.

A series of N-substituted benzenedisulfonamides
was prepared during the course of a search for proto-
type sulfonamides. This report is a structure—anti-
convulsant activity study of these compounds, inas-
much as their diuretic activity has already been shown
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to be qualitatively similar to that of the carbonic
anhydrase inhibitors.??

Synthesis

N-Substituted benzenedisulfonamides were described
only recently.?2?% Initially, the chlorosulfonation of
benzenesulfonamides followed by amination was con-
sidered as a possible route to the N-substituted-3-
benzenedisulfonamides. However, at elevated tem-
peratures benzenesulfonamides react with a large ex-
cess of chlorosulfonic acid. followed by thionyl chloride,
to give 3-benzenedisulfonyl chlorides. The lability of
the sulfamyl group to certain acidic reagents is
known.?*—% These earlier investigators observed the
formation of benzenesulfonyl chlorides when benzene-
sulfonamides were treated with a slight excess of either
chlorosulfonic acid or phosphorus pentachloride. Our
results are similar to theirs. However we observe, in
addition to the cleavage of the sulfamyl group, ring
chlorosulfonation when using a large excess of chloro-
sulfonic acid.

Further chlorosulfonation experiments were carried
out employing lower temperatures and using chloro-
form as a solvent. These are listed below. Under

CHLOROSULFONATION EXPERIMENTS WiTH 4-TOLYLSULFONAMIDE

CHCI;
])-CHaCsH4SOgNH2 + C]SOsH _— ])-CHngH4SOgC]
3

hr.
No. of No. of Temp.,
moles moles °C. Yield, %
1 4 61 84
1 4 25 60
1 2 25 60
1 1 25 Starting material

these conditions cleavage of the sulfamyl group
without ring chlorosulfonation takes place. It is
noteworthy that at 23°, or even below 25°,% the con-
version of a sulfamyl function to a sulfonyl chloride is
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N-SUBSTITCTED-4-BENZENEDISULFONAMIDES

A
HaNOs—_)—s0uN
~
R.
— Ay, L ——————————
Yield, ———Caleulated 1Yend
I R: = M., C. I*verunla & 11 N & 11 N
CH,” H 61 158-159 CiHpN a3, 5350 4.03 0 11,19 33.85  4.13  11.40
C.:Hs H 64 163-164 CeH i NOuS: 3637 4.0% 0 10.60 36.13  4.45 1069
CH.CH,Br I 63 154-155 CeH1 BrN.O8, 28,00 3.23 .16 27,00 3,22 8031
CH,CH,CH.Br H 79 161-162 CH sBrN0,8. 30.206  3.67 T84 30.47 3.70 702
CH{(CH;), H 71 169-170 CoH1N0,48, 35,83 2.07 10.07 38.73 4,609 10.13
CHyCHe==CH, H 6o 154155 CoHN048, 30011 438 10014 3001 445 9,89
CH.CH.CH; H 76 171173 CoH N8, DN.N3 007 10.07 38.83 5.3 9.80
CH2C(CHy)s=CH, H %0 184-185 CaH NS08, 1138 1.86 0.65 41,41 4.91 978
CH,CH.CH.OCH; H ! 159-160 CroH N 0:3y 38,06 0.3 9.0 3876 5.06 912
n-CeH,y H S 171172 CraH 1 eN2048 1100 5 52 950 11,00 544 0,55
n-CsH., H 81 179180 ClsHuNOR, 1670 6063 8,39 16,02 G.66 8 42
CH,CO0OH H S 234230 CyH 1N 06 32,65 342 9.52 32.61 300D 963
(CH5,COOH H 2N 195--196 CoH N Oy 3506 3.2 .00 34,75 BUNT 0.05
(CH2):COOH H 74 176177 CliaH N O6S: 37.20 1,38 869 37.20 1.06 828
CH.CONH, H 71 240-243 CoHNO08, 3276 378 1453 32 51 3,40 14,54
CH,CONHC;H; H 45 145-146 ChHN OGS, 39.39 514 1253 39.20  5.37 {2.51
CH.CONHXNH. H 69 101192 CyH N O8, 31160 392 I8 17 30.72  4.10 1829
CH.COOCH. i1 52 184185 ClaH N Oy 37,26 4.38 N 69 37,12 4.4 8.65
CeHn H 6O 202-203 CradTisN 0.8y 15,26 5.70 S 80 44,092 5,06 920
--=(CHz ) 45 92(--221 CrH N8, 1340 5.30 0,21 1343 5.26 9.16
----- (CH)O(CHyjo—- (i 102-103 CroHiaN:0:8, 30,22 4,61 .15 30,47 4,67 0.09
Csl I8 79 230-231 CieHeNOS, 4616 38T S a7 46,24 3,04 9 0%
4-(CH )N ClHy H SO 243 dee. CLH NGO, T U O U B S 1735 409 1105
3-CF.CsH, H 52 167-16% CuHuFNOS, 4105 202 Toar 4071 27T 766
4-CIC:H, H 05 232253 CHLCINGOGS, .55 5,20 S, 0% 4106 302 76T
CH:C'H. H 60 196197 CaHENLOS, 4T84 432 NOHN 1700 414 N 19
2-CICsH,CH. 1 0l 173174 CLddCIN O, 15,27 5.63 Tt £t 443 76T
+-CICH,CH. Il ™ 204205 CaHCIN LGOS, 45,27 5,03 T 13,48 414 7.80
(%11,CH.CH, H h 100191 C N 048, RIS B Rt N3 4986 4.90 S 45
{4+ -CeH:CH,CH(CH,)-" H i 172-173 CH N 048, 208y 512 Tl 530.57 500 7.92
1-ChaH; Bl 33 241042 CrHN 068, 302 3.8y TS 3208 4.03 705
CyH; 4, H. G2 158160 CuHLeNL048, 1100 5.h2 450 41,30 5 .57 0,68
2-CICH,CH. CH; 83 184185 CHCIN 048 44 .86 .03 7oA 4004 412 742
4-CICeH,CH. CH, 66 1824183 CLHGCINGO®S, 44860 1,03 TR .50 4013 76
L CH. CeH,CH, 27 178179 Cui N 048, 3767 4N 6.73 T34 489 .50
* Reference 23a, mup. 160--161°. 7 {o]* ' +58.9° {¢ 1.03, N NaOH).
quite facile.  Also, ouly starting material is recovered NH, S0,C1 SO,NR;R,
wlien equimolar amounts of 4-tolvlsulfonamide and
chlorosulfonic acid are reacted together. | ) 1. HONO R,R:NH
Inasmuch as the chlorosulfonation method to N-sub- Z 2. CuCl, 80,
stituted benzenedisulfonamides was not feasible, at- SO,NH; SO,NH, SO,NH,
tention was turned to other synthetic routes. Re- i I 111

cently, Meerwein, ¢f al.,* reported on the preparation
of benzenesulfonyl chlorides by diazotization of anilines,
followed by treatment of the diazonium complex with
an acctie acid =olution containing sulfur dioxide and
cupric chloride.  No mention was made of the ap-
plicability of this nitrosation reaction, which is carried
out in strong acid, to anilines containing a sulfamyl
moicty.#eb A 4267 vield of 4-sulfamylbenzenesulfonyl
chloride (I1) is obtained from sulfanilamide under these
conditions. Reaction between IT and various amines
Jeads to the desired N-substituted-4-benzenedisulfon-
amides  (I1IT). These compounds are described in
Table I.

The N-substituted-3-benzencdisulfonamides are pro-

(282 1L Meerwein, 0 Dittinar, R. Galluer, I Hafuer, 170 NMensel, and
DL Steinfort, Chene Bee., 90, 841 (1937).

pared by essentially the same procedure, except that
3-nitrobenzenesulfonamide serves as the starting mate-
rial.  These compounds are listed in Table T1.

NO; NH.; S0,Cl1
@\ H,S,NH,OH @\ 1. HONO
_— 2. CuCl,, SO,
SO;NH, SO:NH, SO.NH.
SO;NR:R:.
R, R,NH
—_—
SO:NH.

Results and Discussion

The  N-substitated  henzenedisulfonamides  were
screened I male miee for anticonvulsant activity hy
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TaBLE 11
N-SUBSTITUTED-3-BE.\'ZENEDISULFONAMIDES
A
SO—N
R
H.NO.S 2
Analyses, %
Yield, ~——Calculated — — Found
R R, %% M.p., °C. Formula C H N C H N
CH(CHj,): H 68 145-146  CsH.N:04S; 38.83  5.07  10.07 39.09  5.16  10.05
CH,CH,Br H 86 159-160  CsHyBrN,0.8, 28.00 3.23 8.16 28.26  3.28 8 .28
3-CF;CeHy H 69 127-128  CuHuFuN:048, 41.05  2.92 7.37 41.68  3.09 7.16
CeH:;CH, H 87 132-133  CiH1aN,0,8: 47,84 4.32 8.38 47,34 4.89 8.40
(+)-CsH;CH,CH(CH,)* H 64 140-141 CisH 15N :048; 50.85  5.12 7.91 51.13  5.16 8.04
¢ [a]%4Dp +48.7° (¢ 1.03. N NaOH).
TasrLe III

AxTicoNnvuLsANT AcTivity (Mousg, 1.

P., ELECTROSHOCK ) OF N-SUBSTITUTED BENZENEDISULFONAMIDES

SO.NH,
SO:NR;R»
PDso, <30 mg./kg. PDso, 30~135 mg./ke. PDso, 135-250 mg./kg. P Dso, 250-500 1mg./kg. PDso, >500 meg./ k.
Ri1 R R Re Ry Re Ri1 Re Ri Re

4* H C:Hs acetazolamide 4 H R 4+ H CH:COOH 4 H CiHs
4 B CH(CHs3)s ethoxzolamide 4 H (CH::CO0H 4 H CHCONHC:;H: 4+ H CiH4N(CHaj)o-4
4 H (CH:;0CH; 4+ H CH; 4 H (CH2;COOH 4+ B CH:COOC:H; 4 H CiHs1
4 H CHCeHs 4 H (CHa)2:Br 4 H CH,CONH: 4 H Ce¢HiCFs3 3 H (CH2.Br
4 (C:Hs)e 4 H (CHJ)3Br 4 H CH,CONHNH, 4 (CH:CsHs)e2 3 H CiHLCF+3
4+ —(CHz)s— 4 H C:Hy 4 H CH:CeHsCl-4 4+ H (CH2):CsHs 3 H CH(CH3)CH:CsHs-(+)
4 —(CHg2:0(CHa):— 4 H CiHs 4 H CH(CHy)CH:CsHs-(+) 3 H H

4 H CesHn 3 H CH:CsHs

4 H CH.;CH==CH:

4 H CH,CH(CH:)=CHa:

+ H CsHs

4 H CeH4Cl-4

4+ H CH:CeH4Cl1-2

4 CHs; CH.CsH4C1-2

4 CHs; CH:CsH:Cl-4

3 H CH(CHz;)2

¢ The arabic numeral preceding the functional groups R,, R« represents the position of the second sulfamyl moiety on the benzeue-

sulfonamide.

measuring protection against electroshock convulsions
after intraperitoneal administration. The anticonvul-
sant activities of the compounds described in Tables T
and IT are listed in Table ITI. A number of N-substi-
tuted-4-benzenedisulfonamides have a PDs (dose nec-
essary to prevent hind-leg extension in 509, of animals)
of less than 30 mg./kg. and are more active than either
acetazolamide or ethoxzolamide. In this series, sub-
stituents (R;,R2) which are lipophilic in nature, such
as alkyl, haloalkyl, aryl and aralkyl, generally have a
favorable effect on anticonvulsant activity. However,
increasing the size of the lipophilic substituent, for ex-
ample, heptyl, phenethyl, ete., decreases activity.
Replacing the substituents R;, R with more polar func-
tions, such as acid, amide or ester, also reduces anti-
convulsant activity. In Table IV a comparison of
the anticonvulsant activity of some 1,3 and 1.4-benzene-
disulfonamides is made. In all cases the 1,4-benzene-
disulfonamides are more active,

Further pharmacological studies were carried out be-
cause of the potent anticonvulsant activity of some of
these compounds. A number of the benzenedisulfon-
amides were screened in vitro, as inhibitors of the en-
zyme carbonic anhydrase. In Table V a comparison
is made between the anticonvulsant activity and the
increasing in witro carbonic anhydrase inhibitory ac-
tivity of some of these compounds. Although only a

TaBLE IV

CoMmpaRISON OF ANTiCONVULSANT Activity (Movse, I. P.,
EvLECcTROSHOCK) OF 1,4 AND 1,3-BENZENEDISULFONAMIDES

SO:NH:
RleNSOZ

~——PDsc range, mg./kg.=—
Ri Ra 1,4-isoiner 1,3-isomer
H H 135-250 250-500
H  CH(CHy) <30 30-135
H (CHz)Br 30-135 >500
H CH.C:H; <30 135-250
H C:H.CTF;-3 250-500 >500
H CH(CH,;)CH,CeH;-(+) 135-250 >500

limited number were selected, the N-substituted-3-
benzenedisulfonamides were less effective in ritro in-
hibitors than the N-substituted-4-benzenedisulfon-
amides. Also, a number of the N-substituted-4-ben-
zenedisulfonamides are of the same order of in vitro
activity as acetazolamide. The potent in witro car-
bonic anhyvdrase inhibitory activity of the thiazide,
benzthiazide,® has already been commented on.t
Direct correlation between ¢n witro carbonic anhydrase
inhibition and anticonvulsant activity is, of course, not
possible. High activity in the former, although of first

(29) NaClex ®,
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order of importance for intrinsic 7n viwo carbonic an-
hydrase inhibitory activity, does not ensure that an
adequate concentration of drug will be in the brain.
More meaningful would be the correlation between the
in vivo inhibition of brain carbonic anhydrase and the
anticonvulsant activity of these compounds.®

TasLe V
COMPARISON OF ANTICONVULSANT AcTiviTY (ELECTROSHOCK)
AND In Vitro CARBONIC ANHYDRASE INHIBITORY ACTIVITY OF
N-SUBSTITUTED BENZENEDISULFONAMIDES

SO;NH;

SO;NR;R:

I'l)se range
(g./kg.) anti-

In vitro wmolar convulsant

coucentration activity
producing 3097, (mouse, 1.p.,
R Re inhibition electroshock)
3 H CH.C¢H; 2 X 1078 135-250
3 H CH(CH;). 9 X 1077 30-135
Chlorothiazide H X 107
4 H CH(CH;). 4.2 X 107 21 £ 3
4 —(CHa)s— 3 X 1078 <30
4 H (CHy),Br 3 X 1078 30-135H
4 H CH.CONHNH, 3 X 1078 135250
4 (CH.C¢Hj), 2.5 X 1073 250-500
4 H CeH 1y 2.5 X 103 30-135
4 H CH.,CONH, 2 X 1078 135-250
4 H CH.C¢H; 2 X 107# 31 £ 4
Acetazolamide 2 X 1078 134 = 19
Benzthiazide 2 X 107

Toward this end, three compounds, N-isopropyl-4-
benzenedisulfonamide, acetazolamide, and benzthiazide
were tested as ¢n vivo inhibitors of brain carbonic an-
hydrase. They were administered (s.c.) to male mice
in doses ranging from 2.5-200 mg./kg. After 1 hr. the
animals were sacrificed and the carbonic anhydrase
activity determined after rapid removal and homog-
enization of the brains in normal saline. The results
(Table VI) indicate that while N-isopropyl-4-benzenc-
disulfonamide (509 inhibition at 4.2 X 10-7 i) was
less potent than acetazolamide (5097 inhibition at 2 X
10=8 M) <n vitro, it is equal to or slightly greater than
acetazolamide as an in wivo carbonic anhydrase in-
hibitor. Benzthiazide, although potent in vitro (309
inhibition at 2 X 10=* M), has little effect on 2n vivo
brain carbonic anhydrase. The difference between the
tn vitro and in viwvo inhibitory activities of N-isopropyl-
4-benzenedisulfonamide may be attributed to its dif-
ferent distribution ratio between the blood and brain
tissue. The potent anticonvulsant and #n wino car-
honic anhydrase inhibitory activity of N-isopropyl-4-
benzenedisulfonamide suggests, for the N-substituted
benzenedisulfonamides, correlation between @n wivo
carbonic anhydrase inhibition and anticonvulsant ac-
tivity. It is noteworthy that although benzthiazide
is a potent ¢n vitro inhibitor of carbonic anhydrase it has
negligible in vivo activity and it is not an anticonvulsant
agent.® Physical parameters, including lipid and
aqueous solubility, size, steric hinderance, acidity, etc.,
must play an important part in determining absorp-
tion, distribution and intrinsic carbonic anhydrase in-
Libitory activity of these N-substituted benzenedisul-
fonamides in the brain.

Vol. G

Tasre VI
Frrecr or Varmus CArRBONIC ANHYDRASE INHIBITORS ON 1111
IENzymaTtic Aenvity oF THE MoUse Bray

e A——lelarive sy aiste aeivity s —
1./ kg Dilatie®
Inhibiter sand 10100 125 15300 11000 17200

N-Isopropyl-4-ben-
zenedisulfonamide 100 0.1% 0.27 0.37 0.49 0.5%
Acetazolamide 100 50 .24 2060 .49 06
Benzthiazide 100 1,00 .73 7003 1.4
¢ Ratio of enzyme activity of the treated to the non-treated
animals. ? Brain tissue was homogenized and diluted to the
indicated vahie with normal saline.

The anticonvulsant activity of N-isopropyl-4-ben-
zenedisulfonamide was investigated further. The com-
pound protects mice not only from counvulsions pro-
daced by electroshock but also those from pentylenc-
tetrazol.® However, it has no effect against stryehnine
in oral doses up to 300 mg./kg. or intraperitoneal doscs
up to 177 mg./’kg. The PDs; (mouse, i.p.) for antago-
nism of electroshock seizures for N-isopropyl-4-benzene-
disulfonamide, acetazolamide and ethoxzolamride is 21
+ 3 mg./kg., 134 = 19 mg./kg. and 65 = 16 mg./kg.,
respectivelv. It is less potent than diphenylly-
dantoin®® against electroshock seizures but slightly
more potent than phenobarbital. The PDj, (mouse,
i.p.) for antagonism of pentyvlenetetrazol seizures for
N-isopropyl-t-benzenedisulfonamide  and  trimeth-
adione®? is 171 + 17 mg./kg. and 218 =+ 25 mg./kg.,
respectively. N-Isopropyl-4-benzenedisulfonamide is
well absorbed orally and only slightly more of it is rc-
quired when given by this route.  The anticonvulsant
activities of this compound and standards ave listed in
Table VII.

Experimental

Chemical.*? 4-Suifamylbenzenesuifonyl Chioride, 23— Juta
n 3-neck flask wasg placed 64 g. (0.372 mole) of sulfanilamide,
125 ml. of water and 63 ml. (0.74 mole) of concentrated hydro-
chloric acid. A saturated aqueons sohition of sodium nitrite
(26.5 g.. 0.37 mole) was added at such a rate that the temperature
did not rise above 0°. This solution was added with cooling and
vigorous stirring tv 350 ml. of a freshly prepared saturated sohi-
tion of sulfur dioxide in glacial acetic acid, which contained 15 g.
of cupric chloride dihydrate.  After 10 min. the vigorous ¢volu-
tion of nitrogen subsided and the mixture was diluted with icc
water. The product was collected by suction filtration and
washed well with cold water. There was obtained 40 g. (42,
vield). It was recrystallized from chloroform. m.p. 155-156°.

Anal. Caled. for CeH:CINOS:: C, 28.18; H, 2.37: N, H.4%
Found: C,27.90; H,2.38; N, 5.20.

3-Sulfamylbenzenesulfonyl Chloride.23*—I3y using essentially
the same procedure as above, a 609 yield of 3-sulfamylbenzenc-
sulfonyl choride was formed from 3-aminobenzenesulfonamide, !
m.p. 155-156°.

Anal.  Caled. for CeHgCINOS,:
Found: C.28.11; H.2.38: N.3.0l.

Preparation of N-Substituted Benzenedisulfonamides. N-3-
Methoxypropyl-4-suifamyibenzenesulfonamide.—A solntion of
10 g. (0.039 mole) of 4-sulfamylbenzenesulfonyl chloride and 11
g. (0.12 mole) of 3-methoxypropylamine in 150 ml. of chlorofarn.
was refluxed for 16 hr. The chloroform was removed in vacuo
and the residue washed well with N hydrochlorie acid and water.
After filtering. there was obtained 8.5 g. (719, yield) of product,
m.p. 158-160°. It was recrystallized from aqueous ethanol, n.p.

C, 28.18; H, 2.37:; N, 5.4~

(30) Metrazal ®,

31 Dilantin ®.

(22) Tridione ®,

(33> All melting points are corrected.

(34) F. Dobson and R. T. Williams, Biochem. J., 40, 215 (1046).
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TasrLE VII
ANTICONVULSANT AcTiviTY (MoUsE, PDyy, MG./KG.)

Route of ad-

Compound ministration
N-Isopropyi-4-benzenedisulfonamide i.p.
N-Isopropyl-4-benzenedisulfonamide p.o.
Acetazolamide i.p.
Ethoxzolamide i.p.
Trimethadione i.p.
Diphenylhydantoin i.p.
Phenobarbital i.p.
N-Benzyl-4-benzenedisulfonamide i.p.

Pentylenetetrazol® Electroshock Strychnineb
171 = 17 21 £ 3 None up to 177
207 £ 33 34 =4 None up to 300
Weak 134 £ 19
354 £ 46 65 £ 16
218 £ 25

6.6 = 0.6
24 £3
>266 31 £ 4

¢ Reference 35. ? G. Chen, C. R. Ensor, and R. Portman, Arch. Intern. Pharmacodyn., 104, 333 (1956).

159-160°. The compounds in Table I and II, with the exception
of those listed below. were prepared by this method.

N-2-Bromoethyl-3-suifamylbenzenesuifonamide.—A mixture
of 10 g. (0.039 mole) of 3-sulfainylbenzenesulfonyl c¢hloride, 7.8 g.
(0.039 mole) of 2-bromoethylamine hydrochloride and 11 ml.
(0.08 mole) of triethylamine in 100 ml. of methylene chloride was
stirred overnight at 25°. The methylene chioride was removed
in vacuo and the residue washed well with water, .V hydrochloric
acid and water. After filtering. there was obtained 11.8 g. (86
vield) of product which was recrystallized from aqueous acetone,
m.p. 159-160°.

N-2-Bromoethyl-4-sulfamyibenzenesulfonamide and  N-3-
bromopropyl-4-sulfamylbenzenesulfonamide were prepared by
the same procedure.

4-{4-Sulfamylbenzenesulfonamido)butyric Acid.—A mixture
of 13 g. (0.05 mole) of 4-sulfamylbenzenesulfonyl chloride and
g. (0.05 mole) of 4-aminobutyric acid in 100 ml. of N sodium
hydroxide was stirred at 25° for 16 hr. A white precipitate
formed on acidification with N hydrochioric acid. It was re-
moved by suction filtration and washed with cold water, 11.8 g.
(749 vield), m.p. 174-175°. The product was recrystallized
from water, m.p. 176-177°.

3-(4-Sulfamylbenzenesulfonamido)propionic acid and 4-sul-
famylbenzenesulfonamidoacetic acid were prepared by the same
method.

Ethyl 2-(4-Sulfamylbenzenesulfonamido) Acetate.—To a cooled
chloroform solution of 10 g. (0.039 mole) of 4-sulfamylbenzene-
sulfonyl chloride and 5.5 g. (0.039 mole) of glvcine ethyl ester
hydrochloride was added dropwise 11 ml. (0.08 mole) of triethyl-
amine. After 20 hr. at 25°, the chloroform was removed n vacuo
and the product collected and washed well with water. On
recrystallization from aqueous ethanol, there was obtained 6.5 g.
(529 vield), m.p. 184-185°.

2-{4-Sulfamylbenzenesulfonamido)acetamide.—A mixture of
12.6 g. (0.04 mole) of ethyl 2-(4-sulfamyibenzenesulfonamido)
acetate and excess ammonium hydroxide was stirred at 25° for 12
hr. The excess ammonia was driven off 7n vacuo. and the white
precipitate was filtered and washed with cold water, 8.1 g. (715
vield), m.p. 242-243°. It was recrystallized from water, m.p.
242-243°,

N-Propyl-2-{4-suifamylbenzenesuifonamido)acetamide, —A
solution of 10 g. (0.031 mole) of ethyl 2-(4-sulfamylbenzenesul-
fonamido) acetate and 11.1 g. (0.180 mole) of propylamine in 200
ml. of methyl alcohol was heated to reflux for 16 hr. The mix-
ture was concentrated in vacuo and the residue washed with cold
water. Cn filtering there was obtained 10 g. (959 yield), m.p.
143-145°.  The product was recrystallized from aqueous ethanol,
m.p. 145-146°.

2-{4-Suifamylbenzenesulfonamido)acetic Acid Hydrazide.—A
mixture of 10 g. (0.031 mole) of ethyl 2-(4-sulfamylbenzenesulfon-
amido) acetate and 14.4 ml. (0.3 mole) of hydrazine hydrate in
250 ml. of absolute ethanol was heated to reflux for 2 hr. The
solvent was removed in vacuo and the residue recrystallized from
water. 6.5 g. (697, vield), m.p. 191-192°.

3-Benzenedisuifonyl Chioride from the Reaction of Benzene-
sulfonamide and Chiorosuifonic Acid at 125°.—Chlorosulfonic
acid (46.6 g.. 0.4 mole) was added dropwise with cooling to 15.7
g. (0.1 mole) of benzenesulfonamide over a period of 30 min.
When the addition was complete the mixture was heated to
125° for 3 hr., cooled and 14.7 ml. (0.2 mole) of thionyl chloride
added. The temperature was then maintained at 80° for another
90 min. After cooling. the mixture was cautiously poured into
400 ml. of cracked ice. 3-Benzenedisulfonyl chloride was col-

lected by suction filtration and dried in vacro, 20 g. (7557 yield),
n.p. 56-58°. The product had an identical infrared spectrum
and a purified sample did not depress a mixture melting point with
authentic 3-benzenedisulfonyl chloride. A portion of this mate-
rial was treated with ammonium hydroxide; melting point,
mixture melting point with authentic 3-benzenedisnifonamide
and comparison of infrared spectra showed this product to be
identical with 3-benzenedisulfonamide.

Under the same conditions 4-tolylsuifonamide gave 4-methyl-
3-benzenedisulfonyl chloride.

4-Tolylsulfonyl Chioride from the Reaction of 4-Tolyisulfon-
amide and Chlorosuifonic Acid in Chieroform.—To a solution of
4.25 g. (0.023 mole) of 4-tolylsulfonamide in 10 ml. of chloroform
was added at 23° 6.5 ml. (0.1 mole) of chiorosulfonic acid. After
heating to reflux for 1 hr., the mixture was cooled and diluted
with 30 ml. of ethyl acetate and 20 ml. of water. The organic
layer was collected, dried and concentrated in vacuo. There was
obtained 4.0 g. (849, yield) of 4-tolyisulfonyl chloride, m.p.
63-65°. The product had an identical spectrum and a purified
sample did not depress a mixture melting point with authentic
4-tolylsulfonyl chloride. Small portions were treated with am-
monium hyvdroxide and benzylamine; melting point. mixture
melting point with authentic 4-tolvisulfonamide and N-benzyl-4-
tolylsulfonamide. respectively, and comparison of infrared spectra
showed the products to be 4-tolylsulfonamide and N-benzyl-4-
tolyisulfonamide. respectively.

The reactions of 4-tolyisulfonamide and e¢hlorosulfonic acid in
chloroform at 25° were carried out in the same manner.

Pharmacology. Anticonvuisant Methodology.—The com-~
pounds to he tested were finely ground in a mortar with 1 drop
of Tween 80 and then suspended in the appropriate amount of
deionized water. They were administered to Swiss-Webster
male mice weighing 17-25 g. by intraperitoneal injection in
volumes of approximately 0.25 ml. Only protection from max-
imal electroshock seizures, indicated by hind-leg extension, was
considered in testing for anticonvulsant activity.?® The stim-
ulus was alternating current of 50 ma. intensity with a duration
of 0.2 sec. applied through corneal electrodes from a Hans Tech-
nical Associates Stimulator. This amount of current is ap-
proximately 6 times threshold. The electroshock challenge was
given in all cases 1 hr. following the administration of the com-
pound. No animal was shocked more than once. The latency
of each seizure was recorded to evaluate the results better. The
latency was measured from the beginning of the current to the
beginning of hind-leg extension.

The dose of compound necessary to prevent hind-leg extension
in 509 of the animals (P1);) and standard deviations were
calculated by the method of moving averages employving quantal
data.’® The animals were given a minimum of 4 geometrically
spaced doses of the test drug utilizing 5 mice per dose. Since,
for this method. it is necessary to select the 4 doses ranging from
very low activity to very high activity many more than the
minimum of 20 animals were frequently used for each com-
pound. It should be noted that some compounds gave incon-
sistent results if they were not finely ground before suspending
in aqueous solution.

Carbonic Anhydrase Inhibition Methodology.—In vitro carbonic
anhydrase activity was determined by a modification. of the
colorimetric method of Philpot and Philpot.® The activity was

(35) E. A. Swinyard, W. C. Brown, and L. 8. Goodman, J. Pharmacol.
Exptl. Therap., 106, 319 (1952).

(36) W. R. Thompson and C. 8. Weil, Biometrics, 8, 51 (1952).

(37) F. J. Philpot and J. Philpot, Biochem. J., 80, 2191 (1936).
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expressed in terms of enzyme units and caleulated from the
expression

where 17U, represeunts enzyme units, 7% the time of the uncata-
Iyzed reaction in sec., and 7' the time of the catalyzed reaction in
sec. All reactions were carried out in a cold room maintained at
5 = 1°. The inhibitors were preincubated with the enzyme for
10 min. prior to the addition of substrate. This procedure al-
lowed for enzyme-inhibitor equilibrinm to take place. The
concentration required to inhibit 50, of the enzyme activity

Vol. 6

was determined graphically.  Approximately two nnits of cu-
zvine activity were ntilized in ench experiient.

The 77 riro inhibition of brain carbonic anhydrase was ap-
proximated by dihiting the tigsue throughout a range of 1-10
to 1-200 and determining the enzyme activity of the inhibited
tissue relative to the untreated controls.

Acknowledgment.—The authors wish to acknowledge
the assistance of Messrs. Robert Sacco, Douglas Alhot.
attd Norman Cilidden in the preparation and Messis.
Robert Ctavanaugh, Robert MeNeil, and David Zaharic
in the pharmacological evaluation of these compounds

The Synthesis of Some Substituted m-Benzenedisulfonamides

Jonx G. Toruiss, Maria C. Dary,

ANET Lipski, ELIZABETH I’ SHAPIRG, AND NATHAN SPERBER

Medicinal Chemical Research Department, Schering Corporation, Bloomficld, Now Jorsey

Revised manuseript veceived December f, 1462

An approach to the synthesis of some substituted m-henzenedisnifonamides, not readily available rio the nsnal

methods for preparing this class of compounds, is described.

ated.

I'rior to 1957 there was little mention of substituted
m-benzenedisulfonamides in the organic chemical
literature. Lustig and Katscher,! in 1927, described a
convenient inethod for the preparation of amino sub-
stituted m-benzenedisulfonamides by the direct chloro-
sulfonation of a substituted aniline in the presence of
sodium chloride, then treatment of the resulting m-di-
sulfonyl chloride with ammonia, Davies and Poole*
prepared  4,6-dichloro-m-benzenedisulfonamide and
2,4,6-trichloro-m-benzenedisulfonamide by disulfona-
tion of the corresponding chlorobenzene and transforma-
tion of a salt of the disulfonic acid to the disulfonyl
chloride with phosphorus pentachloride and thence
into the disulfonamide.

With the discovery?® that substituted m-benzene-
disulfonamides had pronouunced diuretic activity, the
literature on such compounds has greatly expanded.
The procedure of Lustig and Katscher has beeu ex-
tensively applied to substituted anilines.?=? The
chlorosulfonation of a substituted 2-aminobenzenesul-
fonamide is a varient which has been used to advan-
tage.'” A reaction developed by Meerwein!! for con-
verting an amino group into a sulfonyl chloride was
employed by Petrow!? in the synthesis of benzenedi-
sulfonamides,

1) O. laustig and I8, Katschier, Monatsh., 48, 87 (1927).

(2} W. Davies and H, G. Poole, J. Chem. Soc., 1122 (1927).

(3} F.C. Novello and J. M. Sprague, J. Am. Chem. Soc.. T9, 2028 (1957).
£4) I, C. Novello, U. S. Patent 2,809,194, Oct. 8, 1937.

(3) W, I Close, L. R, 8Swett, L. E. Brady, J. H, Short, and M, Vernsteu,
. Am. Chem. Soc., 82, 1132 (1960).

16) J. 11, Short and U. Biermuacher, ibid., 82, 1135 (1960).

(7} 1. 11. Werner, A, Halarnandaris, S. Ricea, Jr., L. Dorfinan, and G. de
Stevens, 1hid., 82, 1161 (1960).

(8) H. L. Yale, K. Losee, and J. Bernstein, ibid., 82, 2042 (1960).

(4 I'. C. Novello, 8. C. Bell, E. L.. A. Abrawms, C. Ziegler, and J. M.
Sprague, J. Org. Chem., 28, 965 (1960).

(10) C. T. Holdrege, R. B. Babel, and L., C. Cheney, J. Am. Chem. Soc.,
81, 4807 (1959).

(11) (a) H. Meerwein, 15, Bitelner, and K. Van Bmstev, J. prakt. Chem.,
12] 162, 237 (1939): (b) L. Meerwein, G. Dittinar, (i. Gillner, K. Hafner.
I°. Menscl, aud O. Steinfort, Chem. Bey., 90, 841 (19:7).

112} V. Petrow, O. Steplienson, and A. M. Wild, JJ. Pharm. and F'harmacol ..
12, 705 (1960).

N

The diuretic activity of the compounds was evahi-

We were interested in synthesizing m-benzenedi-
sulfonamides for their evaluation as diuretic agents
aud also as intermediates for the synthesis of sub-
stituted 3 4-dihivdro-2H-~1,2,4-benzothiadiazine-7-sul:
fonamide-1,1-dioxides.®* During the course of this
work it became apparent that the methods reviewed
in the preceding paragraph were not adequate for the
convenient synthesis of certain  m-benzenedisulfon-
amides aud it is the purpose of this paper to discuss an
additional approach which we have found to be very
useful in the synthesis of these compounds.

The approach in question is dependent upon the
activating effect of sulfamoyl groups ortho and para
to a suitable leaving group (halogen or nitro) in the
henzene nucleus.' Thus reaction of  4-aminoe-5.6-
dichloro-m-benzenedisulfonamide (I) with ammonia
in ethanol at 170-180° for 5 hr. furnished 3-chloro-4.6-
diamino-m-benzenedisulfonamide (II) in satisfactory

vield. This compound (II) also was obtained under
similar reaction conditions from 5 6-dichloro-2H-1,2 4-
Cl Cl
cl NH, cl Nxen
¢
HgNOzS SOzNHg HzNOzS SOQ/NH
I I
NH;, EtOH / .
170-180° P NH,, E4OH
5 hr. / 1-2:80
e r.
Cl Cl
H:N NH. HC(OEt), H$4N NQ({)H
H.NO.S SO,NH, HN~go; sor M
I v

(13) J. G. Topliss, M., H. Sherlock, . H. Clarke, M. C. Daly, B. Petterscn,
J. Lipski, and N, 3j.erber, J. Org. Chem., 26, 3842 (1061).

(14) Subsequent to the completion of our work the use of this prineiple
was reported by (a) (. B. Jackinan, V. ’etrow, O. Stephenson, nwl A, 3,
Wild, J. Pharm. and Pharmacol., 13, 648 (1960), and (b} C. W. Whiteheal
and J. J. Traverso, .JJ. Org. Chem., 87, 951 (1962).  The particnlar reactions
invulved, however, were not the sane.



